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INTRODUCTION 


This is a report of a flight-loada study conducted by the NAVAIRDEVCEN 
in three F-4J aircraft assigned to the Navy FDT (Flight Demonstratica 
Team - Blue Angels). ‘The object of the study was to investigate the 
normal load factor excee’inces of the aircraft throughout its FDI per- 
formance and to determine differences in load factors experienced at i 
forward, center of gravity and aft sections of the airframe. From 

1 May 1970 to 21 June 1970, 42.9 hours of flight data were collected 
from the three F-4J aircraft, The FDT Fe4J aircraft were selected for 
study because of the high incidence of loading per flight hour and ; 
repetitious flight patterns. The aircraft instrumented (see Table 1) 

were the lead aircraft in the diamond pattern and the two selo aircrett, 

The basic parameters measured were airspeed, altitude, and three vertica! 
accelerations. The load factor exceedances are ceported in graphs of 
cumulative frequency vs, normal load factor, and histograms of the flight 
time spent in various flight parameter ranges. This information may be 

used to evaluate the severity of usage of FDT aircraft, to confirm or 

modify current methods of computing FDFr aircraft structural fatigue 

damage, and to provide realistic information to guide the design of 

future aircraft for either fleet or aerobatic usage. 
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DISCUSSION 


A, Recording System 


The oscillograph recording system installed in the FDT ¥-4J air- 
craft for this flight-loade study provides permanent time histories of 
airspeed, altitude and three normal accelerations. The system consisits 
of a modified Ceatury Model 409 oscillograph, bridge-balance unit, pres- 
sure and acceleration transducers, and associated components. The 
system weighs approximately 20 pounds and is shown in Figure ?, 


Also monitored was the aircraft's counting accelexometer system 
(see Figure 3), a four-level recording device which records, or 
“counts" exceedances of normal luad factors of 6, 7, 8.5, and 10. 
For a description of this system, see reference (a). 


B, Installation of Recording System 


NAVAIRDEVCEN personnel installed the oscillograph flight-loads 
recording system in three FDT F-4J aircraft at Naval Air Station, 
Pensacola, Florida, between 13 April and 30 April 1970. ‘The three 
aircraft chosen for the study were the lead plane in the diamond for- 
mation (serial number 153082, side number 1), and the two solo aircraft 
(serial number 153076, side number 6, and serial number 153085, side 
number 5). 


The oscillograph recorder, bridge-balance box and paper magazine 
were mounted in the aft cockpit on the radar rack below the instrument 
panel (see Figure 4). Airspeed and altitude transducers were mounted 
on the floor of the aft cockpit to the right of the seat (see Figure 5). 
Three accelerometer positions were chosen in order to permit study of 
the vertical load factors at the C,G, and off-C,G. locations experi- 
enced by the aircraft during the FDF maneuvers. The most forward 
positioned accelerometer was mounted on 2 rigid member of the aft 
cockpit instrument panel at fuselage station 165, on the aircraft 
centerline, and 72 inches above the center of grevity., The accelero- 
meter closest to the center of gravity of the aircraft waz mounted on 
the kael web at fuselage station 337. This iocatfion was close to the 
center of gravity which, during an official flight Jemonstration, ranged 
between fuselage stations 309 and 321. A third eccelerometer wes mounted 
at fuselage station 383 inside the 89R access area, 56 inches starboard 
of the centerline, as close as possivle to the statistical counting 
accelerometer group transducer, Figure 6 illustrates the mounting 
positions of the various accelerometers used for this study. 
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C. Date Collection 


TMVALRDEVCEN personnel remained with the team after the instrumen- 
tation installation was completed, maintaining the flight-loads equip- 
ment throughout the study. Paper magazinas from the oscillograph 
recorder were changed and processed after each demonstration flight. 
Supplementary data forms were included with each developed flight record 
and returned to NAVAIRDEVCEN. ‘Yhese forms contained such information as 
fuel weight on takeoff and landing, flight time, readings from the count~ 
ing accelerometer indicator both before and after the flight, and any 
other pertinent information such as pilot remarks. A list of the flights 
monitored during this survey are snown on Table 2. 


After processing a flight record, NAVAIRDEVCEN personnel examined it 
for any instrument malfunctions, Whenever possible, the pilot uf the 
aircraft was contacted and assisted in identifying the maneuvers flown 
during the demonstration, The processed records and supplementary data 
sheets were then shipped directly to the Loads Analysis Branch at 
NAVAIRDEVCEN, 


D. Data Processing 


The flight records, when received at NAVAIRDEVCEN, were processed 
and edited for reading. Zditing included entering, in coded form, in- 
formation such as gross weight, maneuver description, etc., directly 
upon each flight record, The actual reading was performed on semi- 
automatic data reduction equipment. 


Two data-reading combinations were employed in processing the data. 
One combination consisted of reading simultaneous values of airspeed and 
altitude at equally-spaced time intervals throughout the record, The 
other method consisted of reading peaks of normal load factor from the 
three accelerometers and simultaneous values of airspeed and altitude. 
Selection of a normal load factor peak to be read is based on satisfying 
all of the following criteria: 


1. The normal load factor in any of the three accclerometers must 
have exceeded a threshold value of 2.0 in the positive direction. The 
positive threshold value was changed during the study to 3.0, when it 
was found that including the 2.0 to 3.0 band excessively increased the 
number of readings which had to be made, 18.6 hours of data were read 
at the 2,0 threshold and fer the remaining 24,3 hours of data the exceed- 
ances in the 2,0 to 3.0 intervai were estimated. 


2. The normal load factor must have increased an amount equal fo 
or greater than one-half that by which the previously counted normal 
load factor decreased, 
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3. The normal load factor must have decreased an amount equal to 
or greater than one-half that by which the previously counted normal 
load factor increased, 


When peak load factors were read, related historical information 
necessary for classification was punched on the same IBM card. Having 
the data in this convenient form facilitated computing and sorting 
processes for information desired in the preparation of statistical 
presentations, 


E. Data Presentation and Analysis 


The data for this report is presented in the following curves, 
graphs, and tables: 


1, Figure 7 is a graph of the frequency of exceeding a given ob- 
served incremental normal load facter recorded by the fore, center of 
gravity, and aft accelerometers in the FDF F-4J aircraft, Incremental 
norma] load factor,4N,, is defined as the value of the normal load 


factor minus one. 
AN, s N. = 1.0 


As the graph shows, the highest positive observed incremental normal 
load factor occurrence during this study of the FDT F-4J aixcraft was in 
the 8.5 to 9.0 range and war recorded on the forward accelerometer. This 
reading corresponds to a normal load factor in the range of 9.5 to 10.0 
including the one g condition, 


The highest negative observed incremental normal load factor 
occurrence during this study of the FDOT F-4J aircraft was in the-5.0 
to-5.5 range or the absolute range of -4.0 to -4.5. This reading was 
recorded on the forward accelerometer, 


The aft accelerometer dats represents only 30.60 flight hours, Some 
flight data was lost when it was discovered that the aft accelerometer 
mounting bracket in aircraft serial number 153076 had been damaged during 


the study. 


Figures 8 to 10 are incremental normal load factor exceedame curves 
for the individual FDT 7-4J aircraft during the study, 


To permit direct comparison of measured normal load factor with 
limit vaiues established either by aircraft design or other applicable 
flight restrictions, the observed values of normal acceleration were 
converted te effective values at the baaic flight design sroes weight. 
Effective normal load fector (N..) is defined as observad normal load 
actor multiplied by design gross weight divided by gross weight at che 


time of load factor occurrence, 
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se Dasign Gross Weight 
Bue ™ Nz x Gross Weight 


Figure 11 is a graph of the frequency of exceeding 2 given incremental 
effective normal load factor recorded by the three accelercmeters in the 
FDOT F-4J aircraft. 


Incremental effective normal load factor (4N,,) is defined as the 
value of the effective normal load factor minus one: 


A Nee = Nze bead 1.0 


The highest positive ircremental effective normal load factor 
occurrence ouring this study uf the FDT F-4J aircraft wae in the 9.5 
to 10.0 range and was recorded by the aft accelerometer. 

This reading corresponds to a normal load factor in the range of 10.5 
to 11.0 including the one g condition. 


The highest negative effective normal load factor occurrence during 
the study was in the -5.0 to -5.5 range or the absolute range of -4,0 
to -4.5, This reading wae recorded at the forward acceleromter. 


The frequency of the highest positive normal load factor exceedance 
for the FDI Fe4J aircraft is one in every 50 flight hours, and the fre- 


quency of the highest negative normal load factor exceedance is about 
the same, 


The distribution of the frequency of the effective positive load 
factor is "shifted" to the right with respect to the graph of observed 
load factor, This means that the gross weight of the aircraft, at the 
time of the load factor occurrences, was such that the airframe felt a 
higher load than that which was observed. In addition, for a given 
positive observed load factor, the corresponding positive effective load 
factor will occur at a higher frequency. The reason for this shift is 
that a greater number of the loads, especially the loads of greater vy 
magnitude, occurs when the aircraft is at a gross weight which is above 
37,500 pounds, the design gross weight. 


Figures 12 to 14 exe incremental effective normal load factor curves 
for the individus) FDT F-4J aircraft during the study. 


2. Figure 15 presents the flight time spent at varicue ranges of 
aicspeed by the FDT F-4J aircraft, The dietribution shows that 45.2 
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gersen t ef “he flight time was speni between 250 and 350 knots, 72.4 
percent of the flight time between 200 and 400 knots, and only v.03 
percent of the flight time above 600 knots. 
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3. Figure 16 presents the flight time spent at various ranges of 
altitude “y the FDE Fe4J aircraft. The distribution shows that all 
of the flight time was spent below 15,000 feet and 74.17 percent of the 
flight time below 5000 feet. 


4, Figure 17 presents the flight time spent at various ranges of 
Mach number by the FDI F-4J aircraft. The distribution shows that ell 
of the flight time was flown below Mach 1.0. 


5. As part of the FD F-4J flight-loads study, it was planned to 
compare normal load factor readings at three locations along the 
longitudinal axis of the aircraft. Differences had been reported 
between the F-4J's forward mounted pilot's cockpit acceierometers and 
the counting accelerometers mounted at fuselage station 383. Three 
accelerometers ware mounted at different locations (see paragraph B. 
Installation of Kecording System and Figure 6), and comparisons were 
made between the fore accelerometer and the center-of-~grevity accelero- 
meter, and between the aft accelerometer and the center-of-gravity 
accelerometer (see Appendix A). Figures 18 to 33 present these compari- 
sons in histogram form giving the percentage of counts vs, the difference 
in readings for positive and negative observed accelerations for each 
aircraft in the study, Approximately 95 percent of all observed positive 
normal load factor readings from both the forward ard aft accelerometers 
were within £0,4g of the center of gravity accelerometer readings. 


When the data is examined on an individual basis, as might be 
expected from the difference in location, there is a substantial 
difference in accelerometer readings on certsin maneuvers, For example, 
during a vertical roll (in Appendix A, aircraft serial number 153085, 
flight number 11, sequence number 1020) a higher positive normal load 
factor (5.45) was recorded at the center of gravity than was recorded 
at the forward accelerometer location (0.26) or a difference of 5,19. 
This i# just one example of the difference in readinge possible wher 
comparing the pilot's cockpit accelerometer and the reading of the 
accelerometer at the center of gravity. 


In addition to this difference during maneuvers, it should also be 
noted that the pilot's instrument panel in the Fu4 aircraft is at an 
angle of 17 degrees with the vertical. This can cause a normal load 
factor error of -0.5 on the cockpit instrument during a maneuver in 
which the airframe center of gravity experiences a normal load factor 
of 5.0 (see reference (b)). 


A difference during certain maneuvers was also found when an indi- 
vidual reading comparison was made betwaen the cantar of eravity ani 
the eft accelercmeters, For example, during a horizontal roll (in 
Appendix A, aircraft serial number 153086, flight number 11, sequence 


number 1071) the aft accelerometer recorded a higher load (6.29) than 
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rezorded by the center of gravity accelerometer (3,24) or a difference 

of 3.05. After examining the difference in loads experienced at the 
center of gravisy and the aft compartment, the NAVAIRDEVCEN took immediate 
action to relocate the statistical counting accelerometer transducer from 
the aft compartment to the center of gravity (fuselage station 314.5) of 
the airframe in all FDI F-4J aircraft . 


6. A comparison was made between the load factor exceedances 
recorded by the counting acceleremeter and those recorded by the three 
accelerometers of the oscillograph recording system, The counting 
accelerometer recorded normal load factor exceedances of 6, 7, 8.5, and 
10, Tables 3 and 4 include these exceedances and normal load factor 
exceedances of 5.8, 6.8, 8.3, and 9.8 zacorded by the oscillograph 
recorder, These levels are represented at 6, 7, 8.5, and 10 in the 
tables, This difference in threshold was necessary to bring the two 
recording systems in line with their dynamic tolerances. 


Table 3 presents 42.40 hours of comparison data (all aft accelero- 
meter data was eliminated from this comparison). Based on this data, 
the counting accelerometer recorded a higher number of counts at the 
7.0 normal load factor level and above than the oscillograph recorder 
accelerometers mounted in the aft cockpit and at the center of gravity. 


Table 4, which included valid aft accelerometer data, shows that 
the counting accelerometer recorded a greater number of exceedances 
then the aft mounted oscillograph accelerometer at normal load factor 
levels cf 7.0 and above, There was close agreement between the aft 
oscillograph accelerometer and the statistical counting eccelerometer 
up to the 7.0 load factor level, For a flight-by-flight count comparison, 
see the summary table in Appendix A of normal load factor occurrences for 
each recording system following each flight. 


7. <A study was made of the wanevvers flown by the FOr during flight 
demonstrations and practices. Whenever possible, the pilots were con- 
tacted after a flight and assiated in identifying various maneuvers 
directly on the processed flight records. Tables 5 to 10 present a 
sample of the maneuvers flown during the etudy and the normal load 
factor exceedances which occurred during the execution of the maneuver. 
It must be stressed that these tables represent only a sample of the 
maneuvers flown during the study (note maneuver frequency colusms in 
tables 5 to 10). Table 11 is a list of the FDI maneuver codes assigned 
for data analysis during thie study. These codes are used in the data 
presentations of Appendix A, 
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The tables on the solo aircraft (serial numbers 153076 and 153086) 
show that the highest frequency of positive normel load factor occurrences 
was recorded during the rolling type maneuvers, such as the horizontal 
roll, the four-point roll, the eight-point roll, and the knife edge. 

The highest frequency of negstive normal load factor occurtences was 
recorded on the inverted type maneuvers, auch as the inverted pass and 
the inverted-to-inverted pass. 


The tables on the Diamond aircraft (serial number 153082) show that 
the highest frequency of positive normal load factor occurrences wae 
recorded during the "fleur-de-lis" manevyver. The maneuver which re- 
sulted in beth the highest negative load and the highest frequency of 
negative loading was the "tuck-under break", 


8. Appendix A presents an individual data point listing for each 
flight monitored during the FDI F-4J study. Included in the data are 
gross weight, airspeed, altitude, normal load factors recorded by the 
fore, center of gravity, and eft accelerometers and the maneuver code 
of the reading. It should be noted again that only a sample of the 
maneuvers were coded during this study. Also presented for each fiight 
is a summary of the counting accelerometer load occurrences and the 
occurrences from the three oscillograph recorder accelerometers, In 
addition, e table for each flight is presented listing load factor 
occurrences exceeding 5.8. These tables show that the lead aircraft in 
the diamond (serial number 155032) on 911 but one flight never exceeded 
a normal load factor of 6.5 on either of the three oscillograph accel- 
erometers, On the one remaining flight, the highest normal load factor 
experienced was 7,5. This was not the case with the two sole aircraft 
(serial numbers 153076 and 153085), which sometimes exceed lead fsctors 
of 9,0 and 10.0 and on moat flights exceed at least 8.5 during maneuvers, 


9. Appendix B presents a breakdown of the normal load factor dis- 
tribution of the three oscillograph recorder sccelerometers for various 
airspeed bands, These tebles include the composite of ali three air- 
craft and also individual aircraft breakdowns. 


CONCLUSIONS 


1. A positive normal load factor (as measured at the center of 
gravity) of 7.4 was recorded only once on the lead aircraft (side nuaber 1) 
in the diamond formation, On all other flights, a positive normal loed 
factor on this aircraft in excess of 7.0 was not recorded. (Yt can be 
concluded that a positive normal load factor of 7.0 is usually not ex- 
ceeded by the entire diamond formation (side numbers 1, 2, 3 and 4) 
during FDI performances, (All isad facters referred to in this section 
are observed, not effective or incremental.) A negative ncrmal load 
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factor (as measured at the center of gravity) of -2.87 wae recorded only 
once on the lead aircraft in the diamond formation, On all other flights, 
a@ negative normal load factor on this aircraft less than -1,92 was never 
recorded, 


2, The sole aircraft consistently recorded higher normal load 
fector occurrences then the lead aircraft in the diemond formation. 
Positive normal load factors (es measured at the center of gravity) up 
to 8.4 were recorded on aircraft serial no. 153076, and negative normal 
load factors (as measured at the center of gravity) dewn to «3.53, 
Positive normal load factors up to &.96 were recorded on aircraft serial 
no, 153085, and negative normal load factors down to -3,59, In addition, 
the frequency of all loadz experienced by the solo sircraft was greater 
than the frequency of loads experienced by the diamond aircraft. It 
can be concluded that the solo aircraft is being much more severely 
utilized than the diamond aircraft, 


3, When the observed incremental normal load factor curves for t>« 

FD? aircrafi: are corrected for gross weight (see Figures 11 throvgh 14,, 
the resulting curves of effective incremental normal load factor show a 
shift to a higher frequency for any given load and to a higher load for 
any given frequency, The gross weights of the aircraft are above the 
design gross weight for 70 percent of the demonstration time and, there» 
fore, during this time the effect on the airframe of any given effective 
normal load is higher than the observed value. 


4, The lead diamond aircraft wsneuver which results in both the 
highest positive load and the highest frequency cf loading is the 
"fleur-de-lis," The maneuver which resulted in both the highest negative 
load and the highest frequency of segative loading is the "tuck-under 
break" (aee Tables 7 and 8). 


5. The soio aircraft maneuvers which reault in both the highest 
positive loads and the highest frequency of losding are the "horizontal 
roll", “knife edge", and "four-point roll." ‘The maneuvers which cause 
both the highest negative loads and the highest frequency of negative 
loading are the "inverted-to-inverted pass", and the "inverted pass" 
{see Tables 5, 6, & and 9). 


6. When the oscillograph accelerometer data from the three different 
aircraft locations was analyzed, it was concluded that on certain mane 
euvers neither the fore accelerometer (located in the aft cockpit) nor 
the aft accelerometer (located in the R89 compartment) will measure the 
same joad as the center of gravity accelerometer, Therefore, the count- 
ing accelerameter transducer located aft of thu cantar of sravity (in 
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che R49 comertwent) and the pilot's cockpit instrument panel accelero- 
meter will not measure the load cerrectly as cxperienced at the aircraft 
center of gravity, For this reason, the counting acceleraneter transducer ; 
hae been relocated tc the center of gravity of ali FDOT F-4J aircraft ; 
(September 1970). , 
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7. When the data from tne oscillograph accelerometer located in 
compartment. R89 is compared to the data from the counting accelerometer 
which is located next to the oscillograph accelerometer, the results 
show that there 1s close agreement up to the normal load factor level 
of 7.0. Above 7,0 (at the 7.0 and 8.5 levels), there is a significant 
difference in the number of exceedances recorded on the solo aircraft, 
with the counting accelerometer reading higher than the oscillograph 
accelerometer, 


RECOMMENDATIONS 


1. As a result of this study the counting accelerometer trarsducer 
was relocated from compartment R89 aft of the center of gravity to the 
keel web fuselage station 314.5 on all Navy FDY F-4J aircraft. The 
counting accelerometer will therehy record what load the airframe is 
actually seeing at its center of gravity. it 1s recommended that further 
studies be performed on fleet aircraft to determine whether relocation of 
the counting accelerometer is necessary on all fleet P-4 aircrafc, 


2. The +4 pilot's instrument panel and mechanical accelerometer 
mounted on this panel are at an angle of 17 degrees with the vertical 
axis (s2e reference (b)) causing a drag error of -0.5 at a 5.0 normal 
load factor condition at the center of gravity. In addition, the results 
of this study show that on certain maneuvers the forward section of the 
airframe will experience a less severe load than that experienced at the 
center of gravity. For these two reasons, it is strongly recommended 
that the F-4J aircraft's acceleration limitations shown in reference (c) 
(exceedances of acceleration limits axe reported based on pilot's cockpit 
accelerometer) be lowered from a normal load factor of 8.5 (at gross 
weights below 37,500 pounds) to 7.5 or at most 8.0 until the pilot's 
wechanical accelerometer system is modified. 


3. It is recommended that an instrument be designed and inatalled 
in atl Naval aircraft that would measure the normal load at the center of 
gravicy of the aircraft and display this measurenent in the pilot's cock- 
pit, 


4. It is strongly recommended that the present counting accelero- 
meter maintenance support be increased to enable quick identification 
and replacement of all malfunctioning counting accelerometer systems. 
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TABLE T 
IDENSIFICATION OF INSTRUMENTED AIRCRAFT 


Serial Number FD? Side { Formation 
Number Position 


153076 
153082 


153085 


Hrs. of Valid 
Flight Data 


gee? ile ACB Miata thle ete ta hs i Agee ik aah ill hs all SS Seas > a caacaa' 


2-3 May 1970 
8-9 May 1970 
10 May 1970 
15-16 May 1970 
17 May 1970 
2-22 May 1979 


23 May 1970 

24 Mey 1970 
30-31 May 1970 
2 Jin 1970 

7 Jun 1970 
12-13 Jun 1970 
14 Jun 1970 
19-21 Jun 1970 


DEMOMSTRATIONS AND PRACTICES MONITORED DURING FDI F-4J FLIGHT LOADS STUDY 
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Table IT 


Sen mmennes Ae hae Beet an eatery Need nil ithehindaiatie 
~ 


NAS, Norfolx, Va. ; 
NAF, China Lake, Calif, : 
NAS, Lemoore, Calif. 
NAS, Willow Grove, Pa. : 
NAS, Lakehuret, N.J, 

NAS, Memphis, Tonn. 

Bay City, Tex. 

NAS, Chase Field, Tex, 

Selfridge AFB, Detroit, Mich 

Annapolis, Md, 

NAS, Quonset Point, R. I. 

NAS, IdSeria, Louisiana 

NAS, Pensacola, Fla. 


NAS, Corpus Christi, Tex. 


* Heavy rain ~ no demonstration only fly-by. 
wk Demonstrations flown with only one sclo aircraft, 
wiek One of two demonstrations flown with only one solo aircraft. 
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COUNT COMPARISO! - F-43 BLUE ANGELS 
(Aft Not Included) 


Table II , 


ere Co 


153076* (13.93 hrs.) 
COUNTER 
CG 
FORE 


153082 (15.31 hrs.) 
COUNTER 
CG 
FORE 


153085 (13.16 hrs.) 
COUNTER 
CG 
FORE 


TOTAL (42.40 hrs.) 
COUNTER 
CG 
FORE 


* Counter jammed on Flight 15, 153076, This flight was eliminated 
from Table. 


Note: Exceedances of 5.8, 6.8, 8.3, and 9.8 normal load factors 
for the CG and fore accelerometers are included in this 
Table under 6.0, 7.0, 8.5, and 10.0, respectively. This 
difference in threshold values accounts for the differing 
dynamic characteristics of the two recording systems, 
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Table IV 


COUNT COMPARISON ~ F-4J BLUE ANGELS ‘ 


ee Ce 


153076* (2.13 hrs.) 


COUNTER 18 il 4 
13 6 1 
12 5 0 
12 6 1 


153082 (15.31 hrs.) 
COUNTER 

CG 

FORE 

AFT 


153085 (13.16 hrs.) 
COUNTER 

CG 

FORE 

AFT 


TOTAL (30.60 hrs.) 
COUNTER 

CG 

FORE 

AFT 


*Only based on 3 flights. 


Mote: Exceedances of 5.8, 6.8, 8.3, and 9.8 normal load factors 
for the CG, fore, and aft accelerometers are included in this 
table under 6.0, 7.0, 8.5, and 10.0 respectively, This difference 
in threshold value accounts for the differing dynamic character- 
istics of the two recording systems, 
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ATRCRAFT SER. NO, 153076 


NEGATIVE Nz EXCEEDANCES DURING MANEUVERS OF F-4J "BLUE ANGELS" AIRCRAFT 


DOUB REV IMM2LMANN 
HORIZONTAL ROLL 


TUCK AWAY BREAK 


SOLO SPACER 


4 CUBAN EIGHT 
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8 POINT ROLL 
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INVERTED TO IN veRTED 
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AIRCRAFT SER. NO. 153085 NO. OF FLTS 9 FLT. HRS. 6.40 
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NEGATIVE Nz EXCREDANCES DURING MANEUVERS OF Fe4J "BLUE ANGELS" AIRCRAFT 
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TABLE XI 


MANEUVER CODING FOR F-43 "BLUE ANGEL" AIRCRAFT FLIGHT LOADS STUDY 


} 
a MANEUVER CODES 
Vertical Roli 30 
; 4 Point Roll 31 
3 8 Point Roll 33 
H Knife Edge 34 
7 | Double Reverse Immelmann 35, 36 
4 | Inverted Pass (Solo) 37 
q | Cuban Eight 38 
‘: | Solo Spacer 39 
q { Clear Line 40 
H Tuck Under Break (Diamond) 41 
j ; Fleur De Lis 42 
:: Horizontal Rolls 43 
iy Slow-Fast 44 
3 Inverted to Inverted 45 
4 Diamond Locp 46 
§ ; “wmond Opener 47 
-.088 Over 48 
4 : Diamond Roll 32, 57 
; Change Over Roll 59 
i Tuck Away Break (Solo) 60 
H Farvel (Diamond) 37 
| Solo Loop 49, 46 
| 
| 
| 
| 
i 
t 
} 
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(a) With magazine installed, 
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(b) With magazine removed. 


Figure 4. Oscillograph Recorder Installation. 
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FE EE TE EE EE oe RRS Ee EE TS 


RIO 
accel. eel web 
ohreks Counting accel 
unting accel, 
ari. 
R 89 accel. 


WL 72. 


| rus. STATION 


INSTRUMENT 
Counting accelerometer 
Rh 89 accelerometer 


BUTT LINE WATER LINE 


Keel web accelerometer 


RIO accelerometer 


ACCELEROMETER LOCATIONS IN FDT F-4j ALRCRAFT 


Figure 6 
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Figure 7. 


FREQUENCY OF EXCEEDING A GIVEN 
OBSERVED NORMAL LOAD FACTOR 
BLUE ANGELS AIRCRAFT 


42.90 FLIGHT HOURS 
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Figure 8. 


FREQUENCY OF EXCEEDING A GIVEN 
OBSERVED NORMAL LOAD FACTOR 
BLUE ANGELS AIRCRAFT 


153076 ONLY 14.43 FLIGHT HOURS 
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Figure 9. 
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Figure 32, 
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